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Abstract --- A QUadrature Modulating Extended
definition television system -QUME. , which
enhances NTSC to higher definition , is proposed.
The QUME system uses quadrature modulation of

inverse nyquist filter and creates
an independent transmission channel (Bandwidth

1IMHz) without wusing additional channel resources.
One of the features of QUME is that the multiplexed

video carrier with

signal hardly interferes with the conventional TV
receivers, and another is that there is no crosstalk
between the multiplexed signal and the main NTSC
signal. These features enable a wide aspect ratio
image to be transmitted as well as high frequency
components of Jluminance and/or chrominance
signals, while keeping compatibility with the NTSC
system.

I. INTRODUCTION

Recently, improvement on television receiver has been
remarkably progressed such as large screen CRT, utilizing digital
processing and IDTV. Still now, strong demand for higher
quality picture exists. Since the 1970's, much efforts for
developing a high definition television system have been made
by engineers led by Fujio (1] in NHK (Japan Broadcasting
Corporation). This HDTV system primarily aims at DBS
(Direct Broadcasting Satellite) in Japan, and has no compatibility
with the present NTSC system. ’ i

On the other hand, some proposals of NTSC compatible high
definition television system have been made such as SLSC [2]
and FUCE [3] system. The SLSC system uses 2 channels to
transmit higher bandwidth of Juminance and chrominance signals
and LoCicero [4]{5] extended this system to transmit wide aspect
ratio image. Fukinuki [3] uses only 1 channel to transmit over
6MHz luminance signal, keeping receiver and transmission
compatibility with NTSC. His system uses vacant {requency
bands in the first and third quadrants which conjugate with the
carrier chrominance signal, and transmits high frequency
components of luminance or chrominance signal of a still
picture. The FUCE system cannol transmit high frequency
components of motion parts of images, and thercfore cannot be
used to transmit wide aspect ratio image.

The authors have developed a new extended definition
television system using quadrature modulation of video carrier
with inverse nyquist filter -QUME- [6]. The QUME system

uses a single channel (Bandwidith : 6MHz) and keeps full
compatibility with NTSC. These are very important matters
especially in Japan, because there are no more channel resources
available and 70 million NTSC receivers in use. [7] The first
feature of QUME is that the multiplexed signal hardly interferes
with the main NTSC signal, especially if detected using a PLL
synchronous detector. The second feature is there are no
crosstalk between the multiplexed signal and the main signal,
and therefore edge portions of wide aspect ratio image as well as
high frequency components of luminance and/or chrominance
signal in the motion part of the image can be transmitted.

Considering that the nyquist filter and PLL synchronous video
detector are universally used in most of the conventional TV
receivers, an inverse nyquist filter is adopted for filtering the
multiplex signal before added to the main NTSC signal. By
using this filter, the multiplexed signal never interferes with the
main NTSC signal in principle if detected by the PLL
synchronous detector, because the multiplexed signal is shaped
into double side band signal at the receiver. ,

Detailed principles of the QUME system is described in the
next section. Experimental results of transmitting high
frequency component of luminance signal and simulation results
of transmitting wide aspect ratio image are discussed in section
Il and IV, respectively.

. QUADRATURE MODULATION
A. Modulation of Multiplex Signal

The conventional NTSC signal has the frequency spectrum as
shown in Fig.1 (a), which is called VSB-AM (Vestigial Side
Band Amplitude Modulation). In this figure, Py C and S
indicate video carrier, chrominance subcarrier, and sound
subcarrier, respectively, and the Jower part of bandwidth than Py

is 1.25MHz. Considering a multiplex signal which bandwidth
is 1.25MHz, a second video carrier Py is used, which phase is

90 degree different from Py as shown in Fig.1 (b). Next step is
band limiting of this modulated signal as shown in Fig.1 (c).
This band limiting is -6dB at video carrier P,, O0dB at P;
-1.25MHz, and - infinite at Pp-+1.25MHz. This characteristic is
symmetrical to the nyquist filter at the video IF stage in the
conventional TV receiver. This band limiting characteristic is
called an Inverse Nyquist Filter. As the last step, combining the



main signal of Fig. 1 (a) and the multiplex signal of Fig. 1 (c),
the QUME signal is obtained as shown in Fig.1 (d). Quadrature
modulation of video carrier with the inverse nyquist filter is a
feature of the QUME system. Using the multiplex signal, edge
portions of wide aspect ratio image as well as frequency-shifted
high frequency components of luminance and/or chrominance
signal can be transmitted.
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Fig. 1. Frequency Spectrum of QUME
(a) NTSC (b) Multiplex Signal (c) Muliiplex Signal after
Inverse Nyquist Filter (d) QUME

B. Demodulation in a convegtional NTSC receiver

Now let us consider receiving of the QUME signal as
described before by the conventional receiver. This signal
contains the multiplexed signal which is filtered by the inverse
nyquist filter at the transmitter. In the conventional receiver,
incoming signal is band limited by a nyquist filter at the video
[F stage and shaped into the spectrum shown in Fig.2 (a). The
vector chart of this processing is shown in Fig.2 (b). In this
figure, Iy is the video carrier of the main signal and I indicates
the carrier of the multiplexed signal, which is 90 degree different
from Iy and. suppressed at the transmitter. In Fig.2 (b), ay is

the upper side band signal and ag, is the lower side band signal;

the length of both vectors are different from each other because
the main NTSC signal is vestigial side band. The a;; and af,

signals are decomposed to orthogonal components aj and aj.

As the multiplexed signal is double side band, the upper and
lower side band signals, by, and by, have the same length and

the composed vector of them, by, is in the direction of I . If
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Fig. 2. Demodulation in a conventional receiver
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Fig. 3. Demodulation in a QUME receiver
(a) Spectrum (b) Vector Chart

the multiplexed signal is detected along Iy by the synchronous
detector, there arises no quadrature distortion caused by vector a4
and by. Thus the multiplexed signal by never interferes with
the NTSC signal in the receiver with the synchronous video
detector.

On the other hand, the multiplexed signal by is detected also
by the envelope video detector, but power of crosstalk by the
multiplexed signal is 10dB less than the case without the inverse
nyquist filter.

C. Demodulation in a QUME receiver

In a QUME receiver , the multiplexed signal is detected by the
synchronous detector after passing through a band-pass filter
from the tuner. This band-pass filter eliminates signals greater
than 1.25MHz of the main NTSC signal and shapes it to double
side band as shown in Fig.3 (a). The vector chart of this signal
is shown in Fig.3 (b). In this figure, b, and by, are upper and

" lower side band components of the multiplexed signal, and are

decomposed to orthogonal vectors by and by, which length are

different because the multiplexed signal is vestigial side band.
On the other hand, a,, and ay are upper and lower side band

components of the band limited main signal, and composed to
vector aj, which is in the direction of Iy because this signal is

double side band. Thus the multiplexed signal is detected along
Iy by the synchronous detector without quadrature distortions of

vectors ay and by

D. QUME Transmitter and Receiver

Fig.4 shows the complete QUME system of transmitter and



receiver. In addition to the conventional broadcasting system,
quadrature modulator and demodulator, and inverse nyquist filter
are newly added. Considering the cost performance of the total
system, cost increase of the receiver should be minimum. Since
the QUME receiver needs no field or frame memories, and the
PLL synchronous detector is already equipped in most of the
conventional receivers, a QUME receiver can be realized by
slightly modifying a conventional receiver with little cost
increase.
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Fig. 4. Block Diagram of the QUME system
(a) Transmitter (b) Receiver

II1. EXPERIMENTAL SYSTEM FOR TRANSMITTING
HIGH FREQUENCY COMPONENT OF LUMINANCE SIGNAL

Using an additional channel of quadrature modulation, it is
possible to transmit various multiplex signals, such as high
frequency component of luminance and/or chrominance signals,
edge portions of wide aspect ratio image, and sub images and
sounds. As the first experimental system of QUME, high
frequency compornent (4.2 - 5.2MHz) of luminance signal is
chosen to be transmitted for system simplicity.

A. System Configuration

The block diagram of the experimental QUME system for
transmitting high frequency component of the luminance signal
is shown in fig.5. In this figure, the encoder receives RGB
signals from a progressive scanning camera or signal generator,
and encodes them to NTSC signal and composes a multiplex
signal from the high frequency component (4.2 - 5.2MHz) of the
luminance signal. A modulator includes a quadrature modulator
and an inverse nyquist filter, and generates a QUME signal. A
conventional TV receiver receives this QUME signal and
displays a picture for the compatibility evaluation. On the other
hand, the QUME signal is fed to down-converter that converts
RF signal to IF band. The demodulator includes a PLL
synchronous circuit and can demodulate both the NTSC main

Fig. 5. Experimental QUME system

Fig. 6. Photograph of the Experimental System

signal and the multiplexed high frequency component of
luminance signal. The decoder includes an adder of the NTSC
and multiplex signals, a motion adaptive luminance and
chrominance separator, and a motion adaptive scanning
converter. A progressive scanning monitor exhibits
improvements of the QUME system.

Fig.6 shows a photograph of the experimental QUME
system.

B. Encoder and Modulator

A detail of the encoder is shown in Fig.7. All circuits of the
encoder use digital processing for system flexibility, filter
characteristics and subcarrier frequency are easily changed by
ROM contents.

Fundamentaily, large part of the encoder is identical to the
NTSC encoder, but the frequency shifter for the high frequency
components of the luminance signal is new. In order to transmit
high frequency component of luminance signal, Yy, by

quadrature modulation of video carrier, Y{y must be extracted

frorp broad band luminance signal by a BPF, and converted to
Yy, the frequency shifted high frequency component. Using

subcarrier fg (=4.0MHz) in the frequency shifter, Yy (4.2-5.2
MHz) is shifted to Yy (0.2 - 1.2MHz), that can be used as a
multiplex signal of QUME. Each spectrum of this processing is



shown in Fig.8. Blanking signal for modulator, in addition 1o

NTSC and multiplex signals, is generated at this encoder. RAIN $1GAAL 1 Y
Fig.9 shows a block diagram of the modulator and O——{ robutaton -} ve-converren

up-converter. The main NTSC signal from the encoder is ot camres

amplitude-modulated by a commercially available standard

modulator into IF band, and the multiplex signal is ’:'::"!“ mu::""”l‘uu_,_o\rm

™

amplitude-modulated by a video carrier which phase is 90 degree

shifted from that of the main carrier. The modulated multiplex uuxgﬁ .

signal is band-limited by the inverse nyquist filter, and added 1o
the modulated NTSC signal after passing a switching circuit
operated by the blanking signal. The multiplex signal is
amplitude modulated with carrier suppression; no signal is
multiplexed during horizontal and vertical blanking periods. A
RF band QUME signal is obtained through the up-converter.

Fig. 9. Block Diagram of the Modulator
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Fig. 11. Block Diagram of the Demodulator

Fig. 10. This sample shows almost symmetrical characteristics

and there is little problem with interference from the multiplexed
signal to the conventional receiver.

C. Inverse Nyquist Filter

D. Demodulator and Decoder

The performance of a conventional NTSC receiver was
evaluated by the RF band QUME signal, and heavily influenced

Fig.11 shows a block diagram of the demodulator.

The

by inverse nyquist filter. It is important to balance the frequency
characteristic of the inverse nyquist filter and that of the nyquist
filter in the receiver. The frequency characteristics of a current
nyquist filter and a sample of inverse nyquist filter are shown in

incoming RF signal is converted to IF by the down-converter.
The main NTSC signal is detected by a PLL synchronous
detector after passing through a nyquist filter, and the
multiplexed YH is detected by a 90 degree shifted video carrier



and passes a 1.25MHz LPF.

A block diagram of the decoder is shown in Fig.12. Both of
the main NTSC signal and the multiplex signal are converled to
digital form and the latter is fed to a converter. Yy is frequency
shifted to Yy, added to the main signal, and generates a wide
band NTSC composite signal. A motion adaptive Y/C
separator, a scanning converter, and a chrominance detector are
employed to improve picture quality. Analog Y, I and Q signals
are fed to the display afier D/A conversion.

E Frequency of subcarrier

To prevent buzz and maintain phase of regenerated video
carrier in a conventional receiver, subcarrier frequency fg for

shifting the high frequency component of luminance signal must
be chosen so that the shifted signal Yy does not include DC

component. In this experiment, fg uses 4.0MHz and such

interference was not present.

Furthermore, to eliminate crosstalk from the main NTSC
signal to the multiplex signal at the demodulator, the subcarrier
fs is line and field offset. The multiplex signal was successfully
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Fig. 12. Block Diagram of the Decoder

detected by the offset subcarrier, and the crosstalk from the
multiplex signal to the main NTSC signal is too small to
degrade the main picture.

%—— -
e e~
(d) NTSC (enlargement)

Fig. 13. Photographes of QUME and NTSC pictures



F. Results

Fig.13 (a) shows an example of picture obtained by the
experimental QUME system, and (b) shows a picture by a
NTSC receiver. Yy (4.2 - 5.2MHz) was successfully

transmitted and regenerated by a QUME receiver. This
experimental system shows that the high frequency component
of luminance signal of motion picture as well as still picture can
be transmitted.

A small degradation of the main NTSC signal by
multiplexing was detected but far less than an allowable level on
the receiver with the quasi synchronous or envelope video
detector. No degradations were found on the receiver with the
PLL synchronous detector.

Fig.14 shows crosstalk from the multiplex signal to the main
NTSC signal. In this figure, it reveals that the crosstalks on the
receivers with the envelope detector and with the PLL
synchronous detector were about - 20 dB and - 35 to - 45 dB,
respectively. The former level can be accepted if the multiplex
signal is high frequency component as seen in the experiment,
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Fig. 15. Simulation of QUME Wide Television

IV. TRANSMISSION OF
WIDE ASPECT RATIO IMAGE

Using an additional channel of quadrature modulation, it is
possible to increase the aspect ratio from the current 4:3 to at
least 5:3. To check the feasibility of wide television, computer
simulation to transmit edge portions of wide aspect ratio image
was made.

A. Simulation of Wide Television

Fig.15 shows hardware and program flow of the computer
simulation. The original wide aspect ratio RGB images are
previously taken by a progressive scanning camera, and 2 frame
memories and monitors are connected to a host computer,
VAX11/785. The first step is to separate center image and edge
images of the 5:3 image, and time-expand them. The center
portion is expanded by 1.25 to the conventional 4:3 image and
encoded into NTSC format, and transmitted as the main signal.

The edge portions are expanded by 5 to 1 MHz bandwidth
signal, that is transmitted as the multiplex signal.

There are some methods of encoding luminance and



chrominace signals of the edge portions, such as time
compression integration and TAT [8]. In this simulation, a
subcarrier fg./5 (fgc = 3.58 MHz) is used to multiplex

chrominance signal just as the same fashion in NTSC system.
Fig.16 (a) shows the frequency spectrum of the NTSC signal
and (b) and (c) show the multiplex signal with modulated
chrominance signal of the edge portions before and after passing
an inverse nyquist filter, respectively, and (d) shows the
generated QUME signal obtained by combining (a) and (c).

QUME modulation and demodulation is implemented in
software. The center portion is demodulated and decoded in the
fashion of the normal NTSC, and displayed on a NTSC monitor.
The edge portions are demodulated by a PLL synchronous video
detector and time-compressed by 5, and combined with the time-
compressed center portion. The combined image is displayed on
a 5:3 aspect ratio progressive scanning monitor.

B. Results

Fig.17 shows images on the 2 monitors in this simulation:
(a) is a composed wide aspect ratio image of an RGB monitor,
that is a QUME wide television. In this picture stiches of two
image portions are almost invisible, although no special
processing [5] is introduced. Fig. 17 (b) is an image of a NTSC
monitor that is equivalent to the conventional receiver with the
PLL synchronous detector. There is no degradation in this
picture caused by multiplexing edge images. But some
interference is detected in the case of the quasi synchronous and
envelope detector, especially on the white portion of images.

By displaying a 5:3 aspect ratio imnage, reality and impression
arc increased[9] and its preference has been pointed by almost all
pcople who have waiched the images generated by this
simulation.
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Fig. 16. Spectrum of Wide Television

(a) NTSC (b) Muitiplex Signal before Inverse Nyquist Filter
(c) Multiplex Signal after Inverse Nyquist Filter

(d) QUME Wide Signal

Fig. 17. Photographes of 5:3 and 4:3 pictures
(a) 5:3 RGB Monitor (b) 4:3 NTSC Monitor

V. CONCLUSION

In this paper, QUadrature Modulating Extended definition
television -QUME- system is introduced and the first
experimental system which transmits the high [requency
component of luminance signal has been developed. The
experiments reveals the feasibility of the QUME system, that
the multiplexed signal hardly interferes with the NTSC main
signal and thus the compatibility is maintained, and the

transmitted multiplexed signal is successfully demodulated and
wide band luminance signal is regenerated on the display in the
moving part as well as in still images.

The computer simulation reveals that a wide aspect ratio
image can be transmitted by using the QUME system. NTSC
terrestrial broadcasting can move to wide television system
-improving aspect ratio from 4:3 10 at least 5:3 -, keeping full
compatibility with the conventional receivers. The QUME
system is so flexible as to transmit various multiplex signals,
and applicable to PAL and SECAM as well.
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Appendix 2

A Ghost Cancelling Using Pseudo Random Signal Train

Y utaka Miki, Kazuo Kobo, and Hitoshi Takai
Wireless Research Laboratory,
Matsushita Electric Industrial Co., Ltd.

I. INTRODUCTION

The leading edge of a vertical synchronous signal has been used as a reference signal for a ghost canceller in a
television receiver. However, the leading edge is not strictly standardized nor steep enough, and does not keep perfect
correlation with video signal. Accordingly, a reference signal that is dedicated to the cancellation of ghosts is
required. Therefore, we proposed an original system to use pseudo random signal train as the Ghost Cancelling
Reference signal.

L. PSEUDO RANDOM SIGNAL TRAIN

The pseudo random signal train is made by filtering a pseudo random binary level sequence with a filter
satisfying the first Nyquist criteria. A waveform of this signal train used as the GCR signal is shown in Fig. 1.
The frequency characteristics of the pseudo random signal train , which is band-limited by the filter, are shown in

Fig. 2.

1.0
0.5 \
0 [MHz]
bR 4.5
fb: Bitrate
Fig. 1. Pseudo random signal train Fig. 2. Frequency characteristics of pseudo random signal train

The following advantages are obtained when this signal train is used.
(1) Less affected by noise than other GCR signals
(2) Data transmission is possible by bearing an information on the pseudo random sequence.
(3) No reference generator is required in a television receiver.

1. CONFIGURATION OF GHOST CANCELLER

A block diagram of a ghost canceller using the pseudo random signal train is shown in Fig. 3. The output of
the transversal filter is sampled and converted into binary level sequence with a decision circuit. The error between
this binary level sequence and sampled output signal of the transversal filter is detected and minimized by repeating

the correction for the tap coefficients of the transversal filter.
Although the reference signal must be generated in a television receiver if pulse signal or bar signal is used
as GCR, no reference signal generator is required for the pseudo random signal train.

Transversal »0
0 l' Filter Output

Input
P 3

.
Error Arithmetid

Decision Detection —#» Operation
Circuit

Tap Coefficients Control

Fig. 3. Block diagram of the ghost canceller
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Abstract

We have developed o new Tully-digital. adaptive
cqualizer for teletext receivers  which  counteracts
waveforn distortion using teletext signalys as reference
stgimals and compensates equalized waveforms, This
equalizer reduces the bit error rate vs, video signat S/N
to H/100 that without the equalizer,

1. Introduction

Teletext quality is greatly affected by nearby
ghosts and waveform distortions due o frequency
characteristics of the teletext receiver. To improve the
quality of received teletext, many types ol analog
cqualizers using CCD devices have been developed.
Almost all use the leading edge of a vertical synchroniz-
ing signal as the reference signal, When such analog
devices are used, the quality of teletexts received s
greatly affected by ambient conditions (temperature,
humidity ete.); quality is also degraded by the instubility
of the vertical synchronizing signal. ~

We have developed o new, tully-digital adaptive
cquitlizer Yor greater improvement ol teletext guality
(hit crror rate vs. video signal S/N /100 that withowt
cqualizer).

We  hive also developed  low-power-dissipation
CMOS TST2 ) tor teletext receivers,

2. System Description

loput vitlen

. . .-
S ' #la .
B 1] Wavalonn equalizing regensra. | o
Convertar M creun pregenera: | [Clock (5 7272 MHa)
g circuit} e

ts 21
W 5.7272 M)

)
!

)

)

i

N R Qulpwt Tinung
Sl hutler butfac  td |generating

HAM AAM cireut

Fig. 1 Schematic Diagram of Adaptive Equalizer

Fig. 1T is o schema of the adaptive equalizer. As
shown e this Ligwee, it consists mainly of an A/D
converter, a wavelorm equalizing circuit . mput/output
butter RAM, o data regenerating cirenit, amd o tuning
generating cirenit, These are controtled by an external
CPUThe A/D converter quantizes mput video signals
PLaSdd Mz (twace the
5./202

at e sampling frequency of

transission frequency ob teletext signals,

Jl0ata (S 1212Mp s )

Mb.p.s.). The number of quantizing hits is set at S,
These trunsmission and sampling phases are asynchro-
nous. The quantized video signal is output to the
waveform  equalizing  circuit. The  leletext  signals
superposed during  the vertical blanking interval, are
extiacted from wavetorm equalizing circuit input and
output at the DMA (Direct Memory Access) timing
from the timing generating circuit,

The external CPU corrects the transversal filter tap
coefficients according to an operation based on the
MSE (Mean Square Error) algorithm. The data regener-
ating  coeuit regenerates data and  clock  signal s
cquivalent Lo those obtained by quantizing post-
waveform equalization data at oplimum  sampling
timing; then serial data of 57272 Mb.p.s. and clock
signals of 5.7272MHz are output.

3. Waveform Equalizing Circuit

Input [Ahaolule
- value |--pr——————p - — -~ o)
cheyil J ’
c.,

.
N ’ e
© !'{Zl 7 Outpat

‘c c Cuy

(] OB @0 B@

Fig. 2 Block Diagram of Transversal Filter

The wavetorm equalizing cireait consists of a -
tap transversal filter; the internal operation is execuled
by 6 bits. In order to obtain optimum tap coefticients,
an MSH algorithm based on our original correlational
operation has been developed. Fig. 2 shows the block
diagram of the transversal filter, It is of the pipeline-
configuration, feed-forward  control, input-addition
type, ind the tap spacing of | clock delay (87.3 nsec)
and 2 clock delays (1746 nsec) can be controlled by
the CPUL An oflfset register is placed on the st stage
undertaking both DC offset to DC level shitt and the
setting of the stice level. The tap coefficients are
corrected in accordance with the result of the correla-
tional uperation (1) below; a sequence of error signals,
which is obtained by caleulating the ditference hetween
the pieset relerence level and the postwaveform
capinlization data and the pre-wavetorm equalization
data are applicd to the tormula (1), The formula (1)
hete indicates o correction of the it of N taps. (N is
the totad number of taps))

The feedback coelficient acis controlied according
o residual errors 1o improve stability and convergenee.

0014-9200/86/0200-0533501.00 © 1986 IEEE
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In the initial stages of the operation, a large figure
is applied 1o a, in order to improve convergence. After
tre installment, o small figure is applied to e to ensure
stability.

To avoid divergence, the sim of all coetlicients is
cifculuted to detect the state of the coefficients every
time tap coctticients are cortected.

N
Citl)y = (_‘i‘ll) ak}:‘lxk l [,:k(ll) (1)
C;ptm tap coefficients (after n times
correction)
Xi © o input signals
fi () error signals (after n times
correction)
o o leedback coellicient

4. Data Regenerating Circuit

Phase intarpolation circuil
npul

[ R

~+1 Output

Interpolation
control circuit

P'hase diflarence delectian circunt

Fig. 3 Block Diagram of Data Regenerating Circuit

A phase interpolation circuit composed ol simple
hirdware has been developed for the data regencerating
cirenit to mateh the sampling phase of the A/ con-
verter with that of the clock frequency. Fig, 3 s the
block diagram of the data regenerating circuit,

This circuit 1s mainly composed of a correlational
circuit, phase difference detection circuit, interpolation
cantrol circuil, and a phase interpolation circuit,

The correlation circuit extracts the CR {(clock-
run-in) signal and integrates it; the integration is fed
to the phase difference defection circuit according
to the timing generating circuit, The phase difference
detection circuit detects the phase difference between
optimum  sampling timing and quantization timing,
using amplitude and  polarity  of  lwo  continuous
sampling data of the CR signal integral calculus and the
phase error of the detection is within 11.3° According
1o the detected phase difference, the interpolation
controf circuit controls the phase interpolation circuit,
phase-shifts, which is equal to the quantization at
optimum sampling timing, and regenerates data and
the clock signal,

In Fig. 4,4, b,a", and b™are Tour saumples obtained

during one cycele (T = 1/5.7272 psec) of the CR signal;

cach sumple has a phase ditference of 907, Cand Care

tansmission clock  timicos, pindicates  the  phise

©
/— AN
bl i'7
:X,

\ . L
AN
a el
<

Fig. 4 Qne-Cycle Sampling Data of CR Signal

dilference  between  transmission  clock  timing  and
quantization timing . the difference is 457 a4t woust.
When sampling frequency is 57272 MHz, equal to the
transmission rate, on the other hand, two samples can
be obtained during one CR cycle, these samples have a
phase difference of 180°, Wheno the phase difference
hetween transmission clock timing and quantization
timing is 90°, data cannot be regenerated, the outpul
timing of the integrated CR signal, four combinations
ol these samples make up the input of the phuse
difference detection circuit: (a. b), (h, a'), (27, b'),
and (b, a), Of these combination, we will cxplain, a
particular situation in which the relation between the
amplitude of samples a and b, [a] and |bl, is given
as Jia] > by,

The formulas (2) ~ (4) below indicate conditions
of the quantitative relation between Jaland bl and
their relation with detected phase difterence .

la] b} > 4-b) : 0°Le<11.3% . (2)
2 b < fal bl <debl: 113° e < 337° . (3)
Il b << 1/2-1b] 1337°<\p__§450 R £3

According Lo these formulas, the phase interpolation
control circuit sets the riatio of coelficients My and M,
ol the mnlliplier in the phase interpolation circuit at
120, 12172, and 101 Phase s shifted by puttinga and b
i these ratios, Tn other words, the phase interpolation
circintis a 2-tap transversal filter with tap coefficients
M and My,

Fig. S is u schema of phase interpolation based on
phase shifting of three different ratios.

P and P indicate sampling points obtained by phase
interpolation; each indicates, respectively, that the
phase difference between transmission clock timing
and quantzation timing has been reduced trom ¢ to ¢
in (), and from @ to g, in (iii).

P
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/T/ /v\/ oA Te
N DN [
| {/ ., HL'/ 1
;" ! B o
Hi b A ) I
/ i ¥
v \Li/ N e
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tA, KA, D M, Mty MM,
) (] {mi)

Fig. 5 Hustration of Phase Interpolation
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5. Wavelorm Equalization Efficiency

Fig. 6 shows the bit error rate vs. input video
signal S/N on condition that the ghost is single and its

107!
Ghost delay 300 nsec D/U 6dB Phase 0’
o—a After oqualization
X-—X Without equalization
X
2|~ ~X.
10 X=X~ =X _x
3
@
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t
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o
1074~
1073 L i s 1 Lt
20 30 40 . 50

Video Signal S/N (dB)
(i)

535

delay is, in (i), 300 nsec, phase 0%, and in {ii) 500 nsec,
phase 0°, By waveformequalization, the biterror rate is
reduced to 1/100 of what it would be without the
cqualizer,

10"
Ghost delay 500 nsec D/U 6dB Phase 0’
o—e After squalization
)(\’\‘ X~ ~X Without equalization
" ket
10 . /x
X e
\\ rd
X
o
&
-3~

5 10
t
w
o0
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107% 1 I L '

N ——
20 30 40 50

Video Signal S/N (dB)

(ii)

Fig. 6 Bit Error Rate vs, Video Signal S/N

6. LSI Features

The ESE has been designed emphasizing high-speed
operation, minimization ol chip size, and reduction of
power dissipation. The LSI features are as follows:

[y The number of elements in the multiplier can be
reduced by dividing the basic filter block of the
transversal filter into S-bit and 6-hit configurations
and by multiplying tap coeflficients and transversal
lilter input with absolute values respectively .

2y thghespeed operation can be realized by unple-
menting  2-phase clock writing in DMA maode, in
which  transversat  filter input and ontput are
directly stored in RAM.

) 40% reduction of power dissipution is possible by
halting the A/D cunverter while teletextsignuls are
notaccumulating.

4) Wiring  field, resistance, und -capucity  can be
decreased by arranging cach block along the signal
How

7. Conclusion

This newly developed adaptive equalizer muakes 1t

possible to provide tefetext service o a wider, range ol

areas where previously  tefelext reception was

LSI Specification

Précess CMOS 2pm

Chipsiza | 5.73mmx6.52mm
- iVEAIeirinrcra;ﬂ;V“" 7 B 42,000 transistors

Package | 40PINDIL

300mW (typ.)

11.4544 MHz

Power dissipation

Basic clock frequency

5x192 word

Input buffer RAM capacity

6x 192 word

Output buffer RAM capacity

impossible due to ghosts, group delay distortions which
aceur at the transmission line, or waveform distortions
caused by frequency characteristics of the  receiver.
Maorcover, with the use of an algorithm which uses
teletext signals superposed on television signals as the
reference signal, the application of the  aduptive
cqiahizer o waveform equalization in data trans.
mission whose Gansmission frequencey is almost equal
to that ol teletext, can be also considered. On the
ather hand, for the ellictency ol the aduptive equalizer.
the hardware structure, convergence, and stubility are
important  factors. Theretore, for the purpose of
improvement ol convergence, il preventing over-
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equalization and divergence, the tap coefficient control
algorithm is very important, In this matter, various
studies are being made; this new adaptive equalizer

T ] . AT
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employs the MSE algorithim and ensures stability and a
convergence time of 10 seconds or less. From now an,
we will develop a ghost canceller using this technique.
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